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ABSTRACT

The author provides a thorough review of the
|latest topical treatment approaches for atopic
dermatitis. Some agents are currently available in
the marketplace, while others are in development.
Modes of action, including phosphodiesterase-4
inhibition, aryl hydrocarbon receptor activation,
and Janus kinase inhibition are discussed.
Emphasis is placed on therapeutic approaches
related to modes of action, with clinical data
included.
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Atopic dermatitis (AD) is a common chronic
and recurrent inflammatory skin disorder.”
AD usually starts during infancy or in very early
childhood, progresses through later childhood
and adolescence with periods of exacerbation
and relative remission, and can persist
into adulthood, presenting as eczematous
dermatitis, localized and/or diffuse, with a
variety of clinical characteristics.** The variable
clinical presentations of AD can include a broad
range of diagnoses, such as chronic hand
eczema, nummular eczema, prurigo nodularis,
dyshidrotic eczema, eyelid dermatitis, lichen
simplex, nipple eczema, and periumbilical
pruritic papules.* Genetic predisposition is a
major associated factor for the development of
AD and other atopic disorders, such as asthma,
allergic conjunctivitis, and seasonal rhinitis.”
Importantly, AD is a heterogeneous disease state
with multiple phenotypic expressions rooted
in a multifactorial pathophysiology that are
influenced by complex interactions between
susceptibility genes, altered and impaired

epidermal barrier function, environmental
factors, variations in skin microbiologic flora (i.e.,
microbiome), and immunologic dysregulation
involving multiple aspects and pathways of
the immune system.”® Extensive research on
the pathophysiology and treatment of AD has
become a major priority in dermatology, as
gains in our understanding of the mechanisms
of atopic disease are leading to major advances
in therapy that are more targeted in their
approach.”™

This article reviews new and emerging
nonsteroidal topical treatment approaches
in AD, with emphasis on agents that reduce
cutaneous inflammation via mechanisms
beyond moisturization and barrier repair and
maintenance.

TOPICAL PHOSPHODIESTERASE-4
(PDE4) INHIBITION

Phosphodiesterases (PDEs) are a group
of ubiquitous intracellular enzymes that are
physiologically involved in maintaining a variety
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of functional processes in many organ systems,
such as modulation of inflammation, blood flow,
and neurologic functions.™ Phosphodiesterase-4
(PDEA4) is found in a variety of cell types,
including keratinocytes, inflammatory cells,

and synovial cells, and converts cyclic adenosine
monophosphate (cAMP) to adenosine
monophosphate (AMP), with the relative balance
between cAMP and AMP impacting directly on
the expression of proinflammatory and anti-
inflammatory mediators.'>"

Role of PDE4 in AD. The activity of PDE4
is a component of intracellular homeostatic
balance that maintains normal physiologic
function when operating without dysfunction.
When cAMP levels are low, there is activation of
nuclear factor kappa-B (NF-icB), which serves to
increase proinflammatory cytokine production
and suppress production of anti-inflammatory
cytokines.™™ In AD, there is overexpression of
PDE4 in cutaneous cells and in peripheral blood
cells, which leads to increased conversion of
cAMP to AMP; overexpression of AMP creates
an imbalance that promotes inflammation
through increased proinflammatory cytokine
expression.'s™?

Topical crisaborole for AD treatment.
(risaborole is a topically applied, low-molecular
weight molecule with favorable penetration
into skin that selectively targets and inhibits
PDE4. This leads to decreased production of AMP
and suppression of inflammation via decreased
proinflammatory cytokine production.™
Pharmacokinetic evaluation in pediatric and
adult patients, including maximal use studies in
pediatric cohorts, has demonstrated negligible
systemic exposure; clinical studies have
supported the absence of any systemic safety
signals to date.™®*2 Efficacy was confirmed
with crisaborole 2% ointment applied twice
a day for mild-to-moderate AD in patients
older than two years of age in the original
pivotal studies, with reduction in pruritus
also established, and with a post-hoc analysis
showing efficacy and favorable safety in all races
and ethnicities. "2

New data on crisaborole mode of
action (MOA) in AD. More recently, a study
was completed to more specifically examine
the MOA of crisaborole using gene expression
profiling, biomarker evaluation through
testing of messenger RNA (mRNA) expression,
histologic examination, immunohistochemical
staining to assess immune cell infiltration,

. 40 adult subjects with atopic dermatitis treated with crisaborole 2% ointment twice daily for 43 days

+ 15-day blinded phase with target lesions treated with active drug vs vehicle; biopsies obtained for
multiple study analyses of affected and non-lesional (normal appearing) skin

* Clinical results consistent with therapeutic improvements observed in pivotal trials
+ Substantial changes in gene expression profiles for crisaborole (day 8 and day 15 vs vehicle)
* Crisaborole with slgniﬂcanﬂy J.gsreatser transcriptome improvement (upregulated + downregulated genes) in

lesional skin (days 8 and day 15 vs vehicle)

non-lesional skin (day 8, day

. SJ nificant changes |P<0 .05) ohserwad for mRNA expression of all biomarkers (primary endpoint) in
esions at day 15 and evident at day 8 for most markers

. Sigmﬂcant suppression 9{1 % enes associated with AD (Th2, Thl, Th17, Th22 pathways; P<0.05) observed with
/|

saborole-treated

crisaborole at one or both biopsy time points.

* Crisaborole improved histologic measures of epidermal hyperplasia and immune cell infiltration vs baseline

in lesional skin

. Cﬂ[‘sﬂallmrule application was associated with greater reduction in transepidermal water loss (TEWL) than
vehicle

Baseline genomic d sregu.‘atron largely reversed with crisaborole treatment and approached untreated
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FIGURE 1. Crisaborole 2% ointment research support for modes of action in patients with atopic dermatitis; summary of

study outcomes based on gene expression profiling, biomarker evaluation, histologic, and immune infiltrate analyses in

patients with atopic dermatitis

and determination of impact on skin water
content and flux (e.g., transepidermal water loss
[TEWL]).2** A Phase lla, single-center, vehicle-
controlled, intrapatient study was completed
in adults (N=40) with mild-to-moderate AD. In
randomized subjects, two target lesions were
selected in an intrapatient (1:1) double-blind
method to evaluate crisaborole 2% ointment
versus vehicle ointment, each applied twice daily
for 14 days to their respective target lesions;
subsequently, crisaborole ointment was applied
to all affected areas for 28 days in an open-label
fashion. For biomarker analysis, punch biopsy
specimens were obtained at baseline and Day
15, and were optional at Day 8 of the study.
Study outcomes revealed several observed
changes in the affected areas treated with
crisaborole, which support findings from other
clinical studies that showed the therapeutic
benefits of crisaborole 2% ointment (Figure
1).2% Early improvement in lesional signs and
symptoms of AD was noted with crisaborole
versus vehicle, including reduction in pruritus
as early as 24 hours after initial application.
Based on results shown with genetic expression
profiles, lesions treated with crisaborole
demonstrated marked percentage improvement
from baseline in lesional transcriptomic profiles,
compared to vehicle, at Day 8 (91.15% vs.
36.02%, P<0.05), which were sustained until
Day 15 (92.90% vs. 49.59%, P<0.05). From
a clinical perspective, these results indicate
application of crisaborole can convert the gene
transcriptome profile associated with AD-
affected skin to what is observed in normal-
appearing (nonlesional) skin. Additionally,
crisaborole application favorably modulated key
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AD biomarkers, compared to vehicle, including
those reflecting the activity of T helper-2 (Th,)
and Th,/Th,, pathways that are operative in
AD pathophysiology. Epidermal hyperplasia/
proliferation was also reduced more markedly
in crisaborole-treated lesions. Molecular profiles
and epidermal pathology showed reversal
toward normal appearing skin and correlated
directly with favorable visible changes in lesion
severity and in measures assessing epidermal
barrier function (e.g., reduction in TEWL) in
crisaborole-treated lesions. %

Crisaborole use in younger pediatric
populations. Prior to March 2020, crisaborole
2% ointment was approved by the United States
(US) Food and Drug Administration (FDA) for
topical treatment of mild-to-moderate atopic
dermatitis in adult and pediatric patients two
years of age or older. In a four-week clinical
study in subjects ranging in age from three
months to two years (median age 13 months),
crisaborole 2% ointment applied twice daily was
evaluated in subjects with mild-to-moderate
AD affecting a mean body surface area of 28
percent.?® Approximately 30 percent of enrolled
subjects were 3 to 9 months of age (n=43),
with a racial distribution of 60 percent White,
20 percent Asian, eight percent Black, and
the remainder distributed among other racial
designations, including multiracial (9.5%).
Approximately 60 percent of subjects, two-thirds
male sex, presented with moderately severe AD
at baseline, assessed using Investigator Global
Assessments (IGA) scale, with a mean onset of
disease reported to be 10.2 months. Several
exploratory endpoints were evaluated at Days
8,15, and 9. Safety outcomes were consistent
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FIGURE 2. Modes of action of tapinarof in atopic dermatitis

with earlier pivotal trial findings, with no new or
systemic safety signals reported and incidence of
skin tolerability application site reactions similar
to those reported in Phase Ill trials in subjects
older than two years of age.” To summarize
efficacy outcomes, progressive improvements in
efficacy endpoints were noted throughout the
study based on assessments at Days 8, 15, and
29. At the end of the study (Day 29), 47.3 percent
of subjects were “clear” or “almost clear,” based
on |GA ratings, the mean percent reduction in
Eczema Area Severity Index (EASI) was 57.53
percent, and the decrease in percent body
surface area (BSA) affected was 15.24 percent.

This study provides evidence supporting the
efficacy and safety of crisaborole 2% ointment
in patients under the age of two years (as young
as 3 months) with mild-to-moderate AD. As of
March 2020, crisaborole 2% ointment has been
FDA-approved for twice-daily topical treatment
of mild-to-moderate AD in adults and in children
three months of age or older.

ARYL HYDROCARBON RECEPTOR (AHR)
ACTIVATION

The aryl hydrocarbon receptor (AhR), a
transcription factor found in multiple cell types,
including keratinocytes, is capable of sensing
and forming a ligand with environmental stimuli
that can modulate inflammatory pathways
that are likely to be operative in psoriasis and
AD.7% Specifically, AhR-activating ligands
have been shown to reduce inflammation in
psoriatic lesional skin, and AhR antagonists
can augment inflammation.? Similarly,
ligand-induced AhR signaling reduced the
inflammatory response commonly observed
in the imiquimod-induced skin inflammation
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model and in murine studies. AhR-deficient
mice exhibited a marked exacerbation of
inflammatory disease, compared to AhR-
sufficient controls. Notably, keratinocytes were
primarily responsible for this hyperinflammatory
response associated with upregulation of AP-1
family members of transcription factors.” With
regard to AD, in addition to evidence that AhRs
modulate proinflammatory cytokine expression
downstream in human skin and peripheral blood
lymphocytes, AhRs also impact epidermal barrier
gene expression in human keratinocytes.?%
Role of AhR and MOA in inflammatory
skin disease and AD. The aryl hydrocarbon
receptor (AhR)/AhR-nuclear translocator
(ARNT) system is a sensitive sensor for small
molecular, xenobiotic chemicals of exogenous
and endogenous origin, which provides some
explanation for how certain exogenous agents,
such as phytochemicals, microbial bioproducts,
and tryptophan photoproducts, might contribute
to skin inflammation.? There are several
potential MOAs for inflammatory skin disease
management associated with agonism of
AhRs that facilitate AhR nuclear translocation,
ultimately modulating proinflammatory gene
expression.2-** These include the following
(Figure 2):

« With high abundance in keratinocytes, the
AhR/ARNT axis strengthens epidermal barrier
function and integrity through acceleration
of epidermal terminal differentiation and
upregulation of filaggrin expression. Filaggrin
contributes to structural integrity of the
stratum corneum and is the source of natural
moisturizing factor (NMF), which provides
humectancy, supporting epidermal barrier
function.

« Although AhR activation might induce
oxidative stress, some AHR ligands
simultaneously and paradoxically activate
the nuclear factor-erythroid 2-related
factor-2 (NRF2) transcription factor, which
serves as a master switch of antioxidative
enzymes that neutralize oxidative stress.

« AhRs have been shown to participate in
the immunoregulation pathways of Th;;/
Th,, cells and T requlatory (Treg) cells. AHR
agonists, such as tapinarof, demonstrated
anti-inflammatory effects in early efficacy
studies in AD and psoriasis. Evidence to
date suggests that the cytokine pathways
regulated through AhR agonism are operative
in the pathophysiology of both AD .

Clinical data with topical tapinarof in AD.
Dose-ranging and dose-frequency evaluations
of topical tapinarof cream have been studied. A
double-blind, vehicle-controlled, six-arm, 12-
week trial with even randomization (1:1:1:1:1:1)
was completed in subjects with moderate (IGA
3) to severe (IGA 4) AD at baseline. The age
range of enrolled subjects was 12 to 65 years,
with total BSA involvement of 5 to 35 percent.
Primary endpoint success was measured as
an |GA rating of “clear” or “almost clear” (0 or
1, respectively) and a minimum two-grade
improvement at Week 12. Secondary analyses
included a 75-percent-or-greater improvement
in EASI score, reduction of numeric rating scale
(NRS) score for itch from baseline, and other
selected endpoints.

In the trial, 165 adult and adolescent subjects
were actively treated with tapinarof cream and
82 were treated with vehicle. Rates of treatment
success with tapinarof cream at Week 12 were 53
percent, 46 percent, 37 percent, and 34 percent
with 1% twice daily, 1% once daily, 0.5% twice
daily, and 0.5% once daily, respectively, and
28 percent and 24 percent with vehicle twice
daily and once daily, respectively. The rate
with a concentration of 1% twice daily (53%)
was statistically significantly higher than the
rate with vehicle twice daily (24%). In addition,
after treatment was stopped at four weeks,
endpoint success with tapinarof treatment was
sustained. Treatment-emergent adverse events
(AEs), which were determined by investigators
to possibly be related to study medication
were higher with tapinarof (56%) than with
vehicle (41%), with the majority of AEs noted
to be mild-to-moderate in intensity. The most
common treatment-related AEs were folliculitis



(5% tapinarof vs. 0% vehicle) and application-
site “pain” (i.e., stinging, burning) (1% tapinarof
vs. 4% vehicle); no systemic safety signals were
observed in any of the study subjects.®®

Based on both basic science and clinical
research, tapinarof will likely become a viable
nonsteroidal topical treatment option for
patients with AD, and possibly for patients with
psoriasis.

JANUS KINASE INHIBITION

A variety of surface receptors found on
multiple cell types are thought to possibly
induce a broad range of physiologic responses,
via binding to cytokines, including many that
are involved with immunomodulation. Several
of these Type | and Type Il receptors depend
on the interaction between Janus kinases
(JAKs) and cytoplasmic signal transducer and
activator of transcription proteins (STATs) for
translocation from the cell membrane to the
nucleus. This results in signal transduction that
expresses specific gene proliferation profiles. 3™
Ultimately, these JAK-STAT signaling pathways,
including dimerization and phosphorylation, are
used by a variety of cytokines (e.g., interleukins
[ILs], interferons [IFNs]) to express specific
biologic and cellular responses, such as Th,,
Th,, Thy;, Th22, and several other profiles.3'-
Dysfunctions within JAK-STAT signaling
pathways can produce specific inflammatory
and/or autoimmune reactions or disease states.

Role of JAK inhibitors in dermatology.
At first glance, cellular overexpression analyses
appear to suggest that JAKs indiscriminately
signal many downstream cytokine receptors.
However, it is now becoming apparent that
cytokine receptors exhibit clear preferences of
interaction among the JAK family members they
utilize to effectuate signaling responses.® The
designated interactions of specific receptors,
JAKs, and STAT proteins, with specific cytokine
response patterns, has led to the development
of oral JAK inhibitors or “jakinibs” (JAK-Is) that,
to date, have been FDA-approved for variety
of disease states, such as rheumatoid arthritis,
myelofibrosis, and polycythemia vera.’™ Both
oral and topical JAK inhibitors show strong
potential to become treatment for inflammatory
and autoimmune skin disorders, such as
psoriasis, AD, alopecia areata, and vitiligo.6=*
Although published literature on topical JAK-Is
are limited to date, there have been studies
using topical JAK-Is for the treatment of AD.

Clinical studies with topical JAKs for
AD. A double-blind, randomized, eight-week,
dose-finding, Phase Il study evaluated topical
ruxolitinib (RUX) versus vehicle in adult
subjects (N=307) with mild or moderate AD
affecting 3- to 20-percent BSA.* Subjects
were equally randomized to receive RUX 1.5%
cream twice daily (BID), RUX 1.5% cream once
daily (QD), RUX 0.5% cream QD, vehicle, or
triamcinolone 0.1% cream BID for four weeks
followed by vehicle BID for four weeks. Ina
subsequent open-label study, subjects could
apply RUX 1.5% cream BID for an additional
four weeks. The primary efficacy endpoint
was mean percentage change from baseline
in EASI in the RUX 1.5% cream BID arm versus
the vehicle arm at Week 4. In all RUX-treated
study arms, therapeutic benefit was noted
at Week 4. Compared to vehicle, RUX 1.5%
cream BID produced the greatest improvement
in EASI (71.6% vs. 15.5%; P<.0001) and in
overall clinical response based on IGA (38.0%
vs. 7.7%; P<.001). In addition, RUX 1.5%
cream BID produced rapid decreases in pruritus
scores within 36 hours (P< .0001) which
were sustained over the 12-week duration of
therapy. In those subjects who transitioned to
RUX 1.5% cream BID for the final four weeks of
the study, improvements in AD were noted in
all efficacy measures. No clinically significant
application-site reactions or safety signals were
reported.”

Tofacitinib formulated as a 2% ointment was
investigated for topical treatment BID versus
vehicle BID in a Phase lla, randomized, double-
blind, four-week study in adults (N=69) with
mild-to-moderate AD.“ Percentage change
from baseline in EASI score at Week 4 was
the primary endpoint, with other commonly
assessed parameters defined as secondary
efficacy endpoints. Safety and local skin
tolerability were monitored over the duration
of the study. The mean percentage change
from baseline in EASI score at Week 4 was
significantly greater (P<0.001) for tofacitinib
(-81.7%) versus vehicle (-29.9%). Additionally,
tofacitinib-treated subjects demonstrated
significant improvements, compared to vehicle,
across all defined efficacy endpoints and for
pruritus at Week 4 (P<0.001), with reductions
in pruritus noted by Day 2, and improvements
in EASI, PGA and BSA observed by Week 1.
Safety and local skin tolerability were favorable
and generally similar in both study arms.*
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CONCLUSION

With topical treatment remaining a
central component of AD management, the
development of new topical therapies for
AD beyond the currently available topical
corticosteroid formulations is important.
Pathophysiology of AD is better understood
due to advances in basic science research,
and therapeutic agents that target different
pathways involved in AD are beginning to
emerge and be extensively studied. As new
effective and safe therapies become available to
treat this challenging chronic, recurrent disease,
clinicians have more treatment options from
which to choose, ultimately improving the care
they provide their patients with AD, short term
and long term, and patient outcomes.
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